







L On-pump coronary revascularization should be our preferred
surgical revascularization strategyJoseph F. Sabik III, MDSee related articles on pages 1812-9 and 1820-9
in the November 2014 issue.Two articles in the Journal question the effectiveness of
off-pump surgical revascularization. In a meta-analysis by
Takagi and colleagues, patients undergoing off-pump
surgery were found to have fewer grafts, more incomplete
revascularization, and increased long-term mortality
relative to those undergoing on-pump revascularization,
and in a randomized, controlled study by Houlind and col-
leagues, off-pump surgery resulted in lower graft patency.
Although these findings are not new, they add more
evidence that off-pump revascularization is not as effective
a surgical revascularization technique as on-pump revascu-
larization and further evidence that on-pump surgery should
be our preferred coronary revascularization strategy.
In the meta-analysis by Takagi and colleagues, there was
a 7% increase (hazard ratio, 1.07; 95% confidence interval,
1.03-1.11; P ¼ .0003) in all-cause long-term (5 years)
mortality for patients undergoing off-pump surgery
compared with those undergoing on-pump surgery.
Inclusion criteria for the meta-analysis were randomized,
controlled trials and adjusted observational studies with at
least 5 years of follow-up. From a total of 478 screened
articles, 5 randomized, controlled trials and 17 adjusted
observational studies were relevant and met the eligibility
criteria; 104,306 patients were included in these 22 studies.
A subanalysis of the 5 randomized, controlled trials (1486
patients) demonstrated a statistically nonsignificant 14%
(hazard ratio, 1.14; 95% confidence interval, 0.84-1.56;
P ¼ .39) increase in long-term mortality risk in the
off-pump group; however, a subanalysis of the 17 adjusted
observational studies (102,820 patients) identified a
statistically significant 7% (hazard ratio, 1.07; 95%
confidence interval, 1.03-1.11; P ¼ .0004) increase in
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more incomplete revascularization in the off-pump group.
The randomized, controlled study by Houlind and
colleagues, from the Danish On-Pump Versus Off-Pump
Randomized Study (DOORS), reported inferior graft
patency in patients undergoing off-pump surgery. This
multicenter trial included 900 patients older than 70 years
undergoing either on- or off-pump coronary artery bypass
grafting. Aweakness of the trial was that only 481 patients
(56% of survivors) underwent angiography at 6 months.
Among these, 86% of the on-pump group had open grafts,
compared with 79% of the off-pump group (P ¼ .01), 5%
versus 9% had stenotic grafts, and 9% versus 12% had
occluded grafts, respectively. Interesting secondary
observations were (1) similar left internal thoracic artery
patency (95%); (2) higher frequency of stenotic or occluded
vein, radial artery, and right internal thoracic artery grafts in
the off-pump group; and (3) better graft patency to the
anterior territory, lower in the circumflex and right
territories, with a larger difference between groups favoring
on-pump surgery.
Off-pump coronary surgery was popularized in the late
1990s. Its proponents had the best of intentions: to decrease
the morbidity and mortality of coronary artery bypass
grafting. Early observational studies comparing on- and
off-pump surgery supported these intentions, demonstrating
lower in-hospital morbidity and mortality with off-pump
revascularization.1-6 Later well-adjusted observational
studies and randomized, controlled studies disputed these
early findings, however, demonstrating similar in-hospital
mortality and major morbidity in patients undergoing on-
and off-pump surgery, with the worrisome findings of fewer
bypass grafts, more incomplete revascularization, and lower
graft patency in those undergoing off-pump surgery.7-18
There was less ‘‘reversible’’ morbidity with off-pump
surgery, such as atrial fibrillation, respiratory compromise,
and bleeding.7,18 A disappointing finding for proponents
of off-pump revascularization was that it was associated
with similar postoperative neurocognitive dysfunction to
that seen in patients undergoing on-pump surgery.18
Recently, 3 well-conducted, large multicenter random-
ized, controlled trials have compared outcomes of on-
and off-pump revascularization and have confirmed
these findings: ROOBY (Randomized On/Off Bypass);
CORONARY (CABG Off or On Pump Revascularization
Study); and GOPCABE (German Off-Pump Coronary
Artery Bypass Grafting in Elderly Patients).15-17 The








Lartery bypass surgery from 18 Veterans Administration
medical centers in the United States.15 The CORONARY
trial enrolled 4752 high-risk patients undergoing coronary
artery bypass surgery at 79 centers in 19 countries.16
High-risk patients were defined by age and comorbidities,
such as carotid artery stenosis, renal insufficiency, diabetes
mellitus, and decreased left ventricular ejection fraction.
The GOPCABE trial enrolled 2539 elderly (>75 years)
patients from 12 German medical institutions.19 To
determine whether the lack of benefit of off-pump surgery
demonstrated in multiple previous studies comparing on-
and off-pump surgery was due to enrolling patients who
were at too low risk or surgeons who were inexperienced
with off-pump techniques, both the CORONARY and
GOPCABE trials included high-risk or elderly patients
and were both experienced-based randomized, controlled
trials.
All 3 trials reported similar 30-day figures for mortality,
stroke, and acute renal failure requiring dialysis in the on-
and off-pump surgery groups.15-17 The CORONARY and
GOPCABE studies also reported similar 30-day risks of
myocardial infarction. A concerning, but not unexpected,
finding in all 3 studies was fewer bypass grafts, suggesting
more incomplete revascularization in patients undergoing
off-pump surgery. The ROOBY study evaluated graft
patency and found that both saphenous vein graft and
internal thoracic artery graft patencies were lower in the
off-pump surgery group. The CORONARYand GOPCABE
studies reported higher prevalence of 30-day coronary
reintervention in their off-pump surgery groups, suggesting
less effective revascularization because of either lower graft
patency or incomplete revascularization. The ROOBY
study also reported higher 1-year cardiac mortality in
the off-pump surgery group. Despite greater surgeon
experience, patients at higher risk, and advances in
off-pump surgical techniques, no early decrease in mortal-
ity, stroke, myocardial infarction, or renal failure requiring
dialysis was demonstrated with off-pump revascularization,
and the worrisome findings of fewer grafts, more
incomplete revascularization, lower graft patency, and
higher 1-year mortality in patients undergoing off-pump
surgery were once again reported.
The reports by Takagi and colleagues and Houlind and
colleagues add to many other studies demonstrating that
off-pump coronary surgery results in fewer bypass grafts,
less complete revascularization, lower graft patency, and
higher long-term mortality than on-pump surgery. The
effectiveness of coronary artery bypass grafting is related
directly to graft patency and completeness of revasculariza-
tion, and it should not be surprising that higher late
mortality is associated with off-pump surgery.20-23 These
observations strongly suggest that on-pump surgery should
be our preferred revascularization technique and that
off-pump surgery should be reserved for patients forThe Journal of Thoracic and Carwhom the risk of cardiopulmonary bypass is greater than
the risk of a less effective revascularization, such as those
with extensive aortic atherosclerosis. It is time for us to
admit that despite our best efforts, we routinely cannot do
as good a surgical revascularization off pump as we can
do on pump.References
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